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ABSTRACT 
Plaster is an important form of gypsum that mainly used in building construction. Breast cancer was investigated 
among women exposure to the dust of such material. The levels of CA15-3 and carcinoembryonic antigens (CEA) 
as indicators for breast cancer were measured in the serum of 120 women working in a plaster factory. All of 
involved women showed a normal level of CEA, while 12.5% of them had moderately elevated levels of CA15-3. In 
conclusion; plaster dust has no significant effect to cause breast cancer in working women. Moderately high levels 
of CA15-3 in some of exposed women may relate to liver diseases. 
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INTRODUCTION 
The gypsum compound that consists of calcium 
sulfate dihydrate (CaSO4.2H2O) is widely used in the 
building constructions [1]. It is very old material 
which was used in ancient Egypt to build the 
pyramids [2]. In nature, gypsum occurs as 
sedimentary material resulting from the condensation 
of evaporates originating from marine waters or from 
many industrial processes. At present, gypsum can be 
produced in different forms, including anhydrite, 
selenite, calcined gypsum and plaster of Paris [1]. 
Plaster is an important form of gypsum that is used as 
a thermal isolation layer or for building walls, 
protective against external weather conditions [3]. 
Exposure of the human body to gypsum materials 
may induce the development of many symptoms, 
including a bleeding nose, coughing, fatigue, 
hypertension, diabetes, shortness of breath, and 
itching of the skin, eyes, or respiratory tract [4-5]. On 
the other hand, breast cancer was diagnosed in 
occupational workers who were exposed to the dust 
of many other industrial materials such as asbestos 
and wood dusts [6], while  it has not been confirmed 
in workers exposed to gypsum until now [1].  
Breast cancer is a very common type of cancer 
among females worldwide, including Arabic females 
[7-8]. Early diagnosis of such type of cancer needs to 
use many of immunological or serological tests based 
on detecting of several biomarkers such as MUC1, 
HER-2/neu, estrogen receptor, and progesterone 
receptor [9]. CA15-3 or MUC1 antigen, related to a 
large family of glycoproteins, is commonly used as a 
biomarker to detect breast cancer and its metastasis 
stages [10-12]. Whereas, carcinoembryonic antigen 
(CEA), which is another type of glycoprotein antigen 
is mainly used for diagnosis of colorectal cancer in 
addition to the breast cancer [13]. Therefore, 
measurement of CEA levels is important to increase 
the value of CA15-3 antigen for diagnosis of breast 
cancer, especially when a metastasis stage [14]. The 
possible relationship between exposure to gypsum or 
plaster and development of breast cancer was 
investigated in women working in plaster (gypsum) 
factory as indicated by the CA15-3 and CEA 
antigens.  
 
MATERIALS AND METHODS 
Study design  
The study was designed as a cohort study to detect 
breast cancer through the measurement of two 
serological biomarkers, including CA15-3 and CEA 
antigens in the blood of voluntary consenting women 
working in a gypsum factory. 
Sample collection  
Serum samples were collected from 120 women (age 
mean; 42 years) who enclosed contact with a plaster 
material of gypsum factory of Karbala province in 
February 2015. Other women are working in other 
parts of the factory, especially in management 
building that far away from productive sectors were 
excluded. Working duration in the factory takes 
about at least 8 hrs without shifting. The factory 
usually produces various types of plaster from 
gypsum materials that differ in granular size (fine and 
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coarse granules) with a production capacity around of 
approximately 40 tons per hour. The environment of 
the most productive sectors of the plaster factory was 
under the control of universal environmental 
protection rules, but even there gypsum dust can be 
found accumulated in the area surrounding those 
sectors. The women volunteers were reported to 
suffer from different allergic symptoms and some 
with the liver function disorder.  
Reagents 
The CA15-3 and carcinoembryonic antigen (CEA) 
ELISA kits were purchased from Human  
Gesellschaft für Biochemica and Diagnostica mbH 
(Germany). 
Assay  
Direct antigen ELISA technique which is more 
sensitive and specific assay was used to measure the 
levels of CA15-3 and CEA antigens in serum 
samples. The assay depends on the high affinity of 
the system biotin-Streptavidin. Each duplicate wells 
of 96-microtiteration plates that coated with 
Streptavidin received 25µl of the calibration solution, 
serum sample, or controls (serum from normal 
individual and distal water). A 100µl of conjugate B 
(biotin) was added to each well, followed by mixing 
for 20-30 Sec and incubated for 60 min at 25
°C
. All 
microtiter wells were automatically washed 3 times 
by 350µl of the working wash solution. A 100µl of 
enzyme-labelled antibody was added into the wells to 
form the final sandwich complex, followed by 
incubation for 60 min at 25
°C
. After incubation, 
excess conjugate was washed out by 350µl of the 
working wash solution, then 100µl of substrate 
reagent was added. The plate was incubated for 20 
min at 25
°C
, then mixed with 50µl of stop solution for 
15 Sec. The absorbance of the final product was 
measured at 450nm within 30 min by a BioTek 
ELx800 ELISA reader (U.S.A). The concentrations 
of the test samples were obtained by means of  a 
calibration curve, which was established from the 
calibrators supplied with the kit. As mentioned in the 
manufacturer's instructions, the expected value for 
CA15-3 antigen ELISA in healthy individuals is 
≤37U/ml, while it is <5ng/ml for CEA.  
Statistical analysis  
Data of all tests were expressed as mean ± SD. The 
values were analyzed statistically with paired “t” test. 
The minimum level of (p) value was < 0.01 which is 
considered a significant level. 
 
RESULTS  
The presence of breast cancer in the working women 
in a plaster production factory was investigated by 
measuring the levels of CA15-3 and CEA antigens.  
From one hundred and twenty women, no one had 
elevated levels of CEA and all of their blood samples 
showed a normal value of this antigen (≤ 5 ng/ml). 
Meanwhile, a total of 15 (12.5%) of women 
volunteers revealed a non-significant moderately high 
level of CA15-3 antigen (40U/ml)(Table 1). The 
insignificant differences (p< 0.01) of women with 
elevated CA15-3 from a total number were also 
considered an indicator for eliminating the presence 
of breast cancer in the body of the women involved.  
Table (1): The levels of CA15-3 and CEA in the blood of 
exposed women to gypsum. 
CA15-3 level 
(U/ml) 
No. of women 
(%) 
CEA level 
(ng/ml) 
Total No.  
≤37 105 ± 1.2 
(87.5%) 
 
< 5  
 
120  (100%) 
40 15 ± 0.9 
(12.5%) 
Total No. 120  120 
Mean ± SD  
* Significant differences at P<0.01 
Normal value of CA15-3 antigen is ≤ 37 U/ml, and of CEA is < 5 
ng/ml.  
 
DISCUSSION 
Gypsum is an important source of calcium and sulfur 
due to its high contents of calcium sulfate dihydrate 
[1, 15]. Therefore, the exposure of the human body to 
gypsum has often caused the development of 
different types of health issues such as irritation in 
many parts of the human body, especially in the eyes, 
skin and respiratory tract [1, 4, 16]. Moreover, 
emission of hydrogen sulfide from gypsum after use 
as bedding on farms could be another health issue 
[15].  
In the present study, all of the women involved 
showed a normal value of CEA with  a moderately 
high level of CA15-3 antigen in some of them. Based 
on the instructions included with the ELISA kit that 
was used in our study, the normal value of CA15-3 
antigen should be equal or less than 37 U/ml. Thus, 
the moderately high level of CA15-3 antigen (40 
U/ml) found in the serum of some of the working 
women involved could not be considered a 
significant indicator of the presence of breast cancer. 
Although CA15-3 antigen is more specific for 
diagnosis of breast cancer, its level can also increase 
resulting from some benign diseases such as liver 
diseases [17]. The women involved with high levels 
of CA15-3 were given further specific clinical and 
laboratory analysis to check their health condition. It 
was found that they were suffering from a disorder in 
their liver functions. Patients with chronic hepatitis, 
liver cirrhosis and hepatitis B infection were recorded 
to have high levels of CA15-3 in 42.9%, 13.3%, 
28.5% of them, respectively [17-18]. Thus, we can 
assume that the elevated levels of CA15-3 antigen in 
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some of the women involved may be related to the 
presence of liver diseases and not to the breast 
cancer. This was confirmed by the normal value of 
the CEA. In a previous study, a CA15-3 antigen 
found to be elevated more than 30 U/ml in 1.3% of 
healthy individuals or in patients suffering from other 
types of cancer diseases such as gastrointestinal 
malignancies, bronchogenic carcinoma and ovarian 
carcinoma [19]. Thus, it is important to check the 
level of other biomarkers like CEA, CA 27.29 
antigens or Alkaline phosphatase (ALP) to increase 
the diagnostic sensitivity of CA15-3 for breast cancer 
[14, 19-21].  
As confirmed in many studies, women in industrial 
occupations can get breast cancer through exposure 
to the dust of various types of materials emitted from 
different industrial processes, contaminated air of the 
factory, or even from the loading or movement of 
vehicles within or outside the factory [22-23]. Unlike 
gypsum dust, which is considered a weak 
tumorigenic agent [1], many other dusts have been 
certified to be carcinogenic substances such as 
asbestos, free crystalline, hexavalent chromium, and 
certain wood dusts [6]. However, with the exception 
of some benign diseases, there is no evidence that 
gypsum or any of its products (e.g. cement) have 
carcinogenic effects on the human body [1, 24]. 
Meanwhile, primary experiments on animals for the 
carcinogenicity ability of gypsum after exposure via 
inhalation or injection have shown that gypsum has 
some potential ability to cause cancer diseases, while 
the studies in humans do not offer any proof. 
Intraperitoneal injection of gypsum in rats revealed 
the development of an abdominal cavity tumor in 5% 
of them, while a heart and kidney carcinoma had 
been noticed in hamsters after intratracheal 
administration [1].  
 
CONCLUSSION 
occupational exposure of working women with a 
plaster dust showed an insignificant ability to cause 
breast cancer as confirmed by measuring the levels of 
CA15-3 and CEA antigens. Moderately high levels of 
CA15-3 in some women exposed may result from a 
liver disease. Other biomedical markers or 
mammography imaging specifically for breast cancer 
are recommended for women who are exposed to 
gypsum in order to confirm the presence or absence 
of breast cancer.    
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